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PROBLEM TO BE SOLVED: To provide the output of a stable frequency even when a 
difference occurs in the characteristics of respective quartz vibrators while keepinq the 
non-linear relation of quartz oscillator temperature and frequency by performinq the 

° P i|J' ir 7 T mana 9 em i ent of a heater temperature while controlling the gate pulse duty of an 
MOSFET in a regulator circuit. or- y 



SOLUTION: A pulse signal outputted from a pulse width modulation circuit 13 is amplified 

tI ;St 14a and 14b and inputted to the 9 ate s of MOSFET 15a and 15b later. 
The MOSFET 15a and 15b are alternately repeat ON/OFF, a transformer 16 is excited by 
a current flowing from a power source 26a. and a voltage is generated on its secondary 
side. Concerning this voltage, the unwanted ripple or the like is suppressed by a 
rectifier/hlter circuit 1 7, and a smoothed DC voltage is impressed to a heater 2. Therefore 
since the gate pulse duty of MOSFET 1 5 is appropriately controlled corresponding to ' 
temperature information from a thermistor 5, the heater voltage can be managed to the 
optimum value corresponding to the characteristics of a quartz oscillator 1 . 
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[M#3ii] $6tBBB±. ±&mmmcmm?h* 
umwfrt* ±B*»^was*fc»-r*affl*»i 

@B<DttJ;fr{f * JWfrT 6 A/D ^ > A- * i , 

±fBA/Dr3>^'-^oa^m^ ; &^>^T> F*- 

©aflHStt *c*t IS L r Ett 5 ft teWSMa # * W# -r & y 10 

±ia^*y©u*fi#€rr^ciy{braD/A 

a ±ED/A3>><~*te&<*l>'tA#fa 

t>&^xnen§iK&. jjb><;i>*^i>hbccJ88B 

0/cF5^^@BS<b, JJBF^-f'<HBiCJ:?>y-F* 

wmsmsmvvzsisx* (mosfet) ±ess 

1 i^20MOSF ET© F W -f >#~<WMCC"tgM&l> 

^^rgii/di^i, ±Eh^>*©— 20 

iUR«hf - 1 % ±E*ii^*©ais**t»iT &aK^*D 

[n]B<E>aj#{f #«r^ SuHfrT & A/ D n % t s 
±fBA/Dn>^-^(Dffl^fB-^ J &^>^T> F*- 
^FTS^^HBi. C©^v^HRM)W*ll#*7 
F U X{f-^ i It ^^iA^iS^SSR^±IB7KB^Sii!)T- 30 

<DU&ft&K.ttfc l Ten $ nfc«Hwti# * ffl^-r & ^ 

tyt, jiEy*y©m*ft#«:r^a^b-r*D/A 

3>^^i, ±ED/A:a>'<~*tt:g8ftUCA#(I 

fcS * ip§^f»B <fc * ±E' W**RBHttfcJKtft 
LfcF5^><II»i. JJBF^-f^HBKJ:^*'- F* 
KM S ft S «fc 5 Ut£JSBH blMW(WIMUR9 
h7>^X$ (MOSFET) ±EMOSFET<D 
FU-f>CC««Lteh^>^i, J*h7>^OMOS 

jg<t> ±E«RCC««Lr«jK*jJ:^y-f*-Fi, ± 
EMOSFET©KU-f> <t±EJ5!a:te<fcO'#-f *- F 

«caa»ufcy-f*-F4, ±EF^>^©r^mcc«« 
$ n±E*iw»H L ©afl[ftBf t - * ± 

[WMBB3] AffiliB^. ±E*»@tt«:SaW4* 
MKMfr 4 , ±E7j<BlJgt&T-cOSg[^^p-r *aKtfcfc] 

m=r-t, ±EJw*^T-t^stifcaK««*r^ 
p^ft#<csan-r*aK-fe>*HHii, ±Ea**>* 

HKOffi^fi-^*:^^ * JMtT £ A/ D # £ % 50 
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±*ZA/D*>^-2<Dti\t)^Z J *y'7)l>Tl' F* — 
Jl/F*TS7^^IilS8i, C©9»^HB©tt*»#*T 
F U^ff #i L,TSg#&#S^a^tf±E*ll^^ 

(Das^tt«:*t j£ utiBtt § ft/c$uwi^£ toft-r & 

*»J£, ±E^*y©U*«#*T^oy{bTiD/A 
a ±ED/Aa>^~*teJ8ttl/TA*rfI 

to 4 7 * (sRlHia B&* ±E' s )lx MKHI @B 
L/c F5 -f ><HB± % JJB F^-f ><HBfc «fc 0 h * 
«b S ft 4 J: 5 tcftR L AKW b«^#«»«WS! 
F5>5J** (MOSFET) 1EMOSFETO 
FU-f ><t««CC— #ffljr^Lfch^>*£. ±Eh 
7>^<DMOSFET L T l» ^ffJ«»©JS*l' 

y-f*-F4, ±Ey-f*-F«:s»3n, ±e*«« 

^^n^l^JgSBi, iE^RHBCcSStt"*"***®* 
T<b, ±E»JiHB©Hl*fi#*WK'4^-^^TEIB 

<b, ±E*as«b-?-©aK*«ttn , i"*aK*fli* J F-4* 
-hEaKWdaflRT-trflt »i $ n/castft* r -r a 

CC^»T4aK-fe>*IslB<fc. ±EaK-te>*@BOtt 
t)mm:mZMtT2>A/Dx>'<-Zt % ±EA/ 

d =1 y^-tKDtitfjm^zy-y ?}vr > f * ft 4 
LTBi*ia*«»a«ac;±E*a«»^a*«p 

JJB^^VOffi^fS^T^O^brSD/A^^- 
^4, ±ED/A=J>^-*tcSI»LrA*fi#U^^ 

x*I^IISI@B<b, ±E^x(BE«HB«:J»l*Lfc F^ 
-f-KHBi* ±EF7^^HB«cJ:9y- F*K«ISti 
4 <fc 5 ^cS^O/c^ 1 ©ianMUMMWSWff* 
SIh7>^3? (MOSFET) 4, ±E91^»4 
(DM OSFETOFU-f>iV - *HtcStt LfcfR 1 ~ 
»4CDy-f*-F4. ±E»1 i»3©MOSFETCC 
mmbtcMMt. ±EflOMOSFETOV-^i» 

4 ©MO S F E T<D F U A ± 
E»2©M0SFETOV-Xi»3OM0SFET© 

Fu^>^-^ffJ««©*>5>t*«:*n*n«»ofc f 

ASttr- <t > ±E*«»«>aK*«Mai , «" sas^^o 
±Eaaa^*-f , t*»is*ifcaift»«*r^ 

oy«#CcSBft-r4att-b>*@B4. ±EaflE-b>"9" 

isiBoai^fi-^*^^ *-iwbr 4 a/d 3 * t . 
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3>^'-$4 > JJBD/A3>^-* «:S«6-TS F5-f 
MS SS 4 . JJB F 5 <f ' <B ^ " * L h 9 > 

2t--Fi. ±Ey-f*-FtC»«IOfti«Hi. ±EF9 

msE«Kfin t - * t sags u *: c i <t -r ** B B B 

[0 00 1 ] 
[0 00 2] 

6ttJt«tsliB* 7«h^>^*** 26a»S10 
2 6b«*2©««U 2 6c«S3©m 2 7 
att»l©«K, 2 7bttUI2CDj£#u 2 7ctt»30 
2 7dttJH4©«aa, 2 7 e tt» 5 ©ttSu 2 8 
att»103>f>^ 2 8bW:J|l2<D:3>^>lJ\ 2 
8Bh^>S?X>. 3 0 tttHMHHL 3 1 

[0003] &tc»ft«: , w , ciMW"4. zkJHUbT- 1 

^^cmmbtcmi<0im2 1 a, »2©«*<fch^ 
>i>**2 9<0^-XIHCCSgKL/clR2©«!a2 7 b. 

3<DJfiK27c, h5>y**2 94>:t5 
PdKCga«l/*t»103>f s >*2 8 a, h^>y**2 
9 <D"<- * <b y ^ > FBBCca« 2 © n Vf^iJ- 2 

£T C (Dffefifl^tt^ v 7 r @SS 4 K <fc 0 HCCtlte 

t-^2Cc<i:0Jtfe6nTBiTScoSJSU:{S/cn€>o 
^ 7s * 5 tt*JUBUHf 1 J: 0 

o , -e©*s*^ 3 comas 2 6c comE 4 costs 2 7 

d<h?H5<Dgfii2 7 e tV- 5 5©fitntC<fcoT^ 
EE3*lS©T* J:b®llffi6CD*CD^tS)if*iS3 OOCA^J 

■r s tops*? o . smmEmas 3 1 <dhe t it® § n 

2*«*Ltt#6^>^**7^~* K ** l/r::l 
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* 2 CCfchSWfcPMBES ntt-^2 <Z>&a»*M0 5 

ft£ 0 ^co^^fiSccjeDr* B B B ^st)T-icDfie[^ 

[0004] 

»©^ttH7^T<t5tt#»»ttBI«tr*0, C© 
H*C"Cttf¥S ******** 5* JHaaROScJE^k^HItt? 

[0 00 5] c©»Wtt±iB©J: SfclWtflHfc-rafc 
^KftSft/cfccDr, *«Stt^-«KiH«*OB«l«** 
#»}&&IJB«"C* 9 . ©Tk^^Jft^cD^ttCc^ 

20 [0 00 6] 

(MOSFET) ©y- -tiB 

30 £rcab£o 

[0 00 7 ] SI2©»WU:<fc4*a«J8S«» ^^-9 

smfiSL-C. ^oJS«SS^ocfc^*B^8ii^cD^tt«:i£ 
>;cD$ifflffi^<t 0 ^•;l/X«*HllB<D^^^ffl*7 !f *- 

a«:«iLr«Hi»»t5Be<br* * 5 tcT^> tor 
40 [o oo 8 ] mz<D¥m^&**&m&mt, 

t|3CDMOSFETCDy-h^^^7 r ^-^^-^^ 

[0009] 1R40A9!(CJ:&*JWM«. 
50 v*/n>^-*@KCC<tab-5rffi<DU^* U-*@3S 
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y (DfMiMtKJ: 0 ^<;1/X«SBBIhIK<D^vI/^ tilt)?* - 
[0010] »50»fl«:A4*fi»j^tt, isV-X 

[0011] 

mmommomm] mmonm i. hi acoiwsa) 

5** £0*2 6-2 9«±IBtfefc^g<t|*)— (Dfc(D"C^) 
8«ag-fe>1t[plK, 9BA/Da>;<->, 10 

-F*>y-**y (EPROM) HKL 12BD/A3 
1 3»'W*tI£IBIIIB* 14»F^^^Isl 
gg, 15«MOSFET, 16«b7>^, 1 7 «SS 

/v -f ;1/£IhIB&t?*4. 

[0012] yccctt^tcoi^rttwr*. frBABHfr 1 

7>^^29, 92©*«ih7>^>2 9©3U 
*#HKC«j&L?c^l<2ffitfi2 7 a, ^2CDm^<i:h^ 

h^>^X£2 9CDX^ FMlCgSlftLftJI 
3(DJgf/i2 7 c, h7>^^29©i5*^i^-^ 
P5tcm^U/c^l<Dn>f r >1f2 8 a, F^>S*X*2 
9CD-<-^«b^7> FP B ^C^L/cm2(Dn>7 r >1f 2 
8 b*r»lS3ft*»SIIB3 CCJSttLTitf©DJH«» 

£*r a. c commute* * ~? r men 4 & j: o jbicwi 
k-*2«:j:D«»e>nT»f^cDaa[«:fis/cn*. 

* x £ 5 tt*llS»hF- 1 OSBHCJz *) *<D«!Stt*«C*> 
^cDS!A<B0^8b«fig^>lt[gK8^:rt^»]$n 

g§l OCCcfco-C^-Jl/FStiTEPROMIsIKl UcA 

^-r^o co^^^Mtsn/cfiStcBB-rsfi^iEP 

tfSJTr 5 fc» k ~ * * WW* 4 «fc 5 K IBS S ft/cfM 
fSKt^EPROMllKl lrt>6R#ttS*iS. 
[0013] C<DM-^«D/A=J>^<-^ 1 2CCA^U 
XTTVWtZftXrtfrXWEBiW&l 3CcA^f So 
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iftSOHft « i It® $ ntZft jft© WBE#»C « 

v#Htfrrs. Wot, 7*a^«#©«BE*Hai» 

1 3W2o©c(D^ji/^«#^i:tcja^rs<J:5«:ai 

4 a *$ <fc 1 4 b r if IBS ft/cftteM O S F E T 1 5 a 
iMOSFET 1 5 b<DY- h CC^ft-eftAM"*, 
10 [0014]t£<oT, MOSFET1 SaiMOSFE 
Tl 5bl*SSCcON/OFF*tt?)3lL, ^1 
2 6 a*>6»ft£«i«K:cfcl3 1 6£fflrt&LT^ 

^ r/;i/»#fqiE ShtWStifcDC «EE# fc - * 2 ec 
BPffl^ti^o S£oT, ^-5**5*>e><DaKW*McJ: 
ot v MOSFET15©y-h^Xf*-f 
aiWCC«iai3ti4C irk-^«BE**SJil*^ 1 ©W 

20 ROScffilbWHtl*. B8 (a) «8e*OKISSfia[<5: k 

(b) K^r*a^WWttfcJSD'C«fiWttk^**l 

6ft4 0 

[0015] 3IJfc©JBJB2 . Bl 2 «C<D^<D^JfeCDJg 
ffl2*^Ufc:7D**Erc*?K HCCfcliT 1 — 1 7*y 
J: 2 6-2 9 «±fB*ft<WI2SS 1 iRI— 

18«y-f*-F, 19ttSR 2 0B3>f> 
■9*. 2 6»WBt*S. 
30 [0016] ^CttflHCOl^KIB"*"*. 7jc^tgt6^ 1 

*>6^>X(K«1I8 1 3 *-COttf¥^*^»l <t 

mcx $>k> ^bst 5o ^^u^tiaBiiiffi i 3*>e>atfrr 

F ^ -f ^HB 1 4 -cWBSiifcf**cMO S F E 
T 1 5<Dy- hCcA^-TSo MOSF ET 1 S^ONO 
l»6h7>X 16, MOSFET 1 bZB&L 

xnffitfiWLtiz. off<dwgiz> b^isxi 6<omig 

*JCj:»)y-f*-F 1 6, Jg$il9, 3>f>f2 0, 
f¥(CcI:>3Sll©WR2 6*>6>©«i»«:<fc0 h^>x l 6 

40 Ba«Lr*©2*««:*BE*»*r*. ccDmmm 

WL/7 ^ ;b^H8S 1 7 tct:ffi**$J:tf ? ^#tttt(c J: 
otTSft'J v y;l/^ffPffiSti-C5F»3tifcDC«EE 
*5k-*tcE|ffln3ti*. ffiot, ^-5^»5*>6©a 
Stffgklior, MOSFET15©y-h^f» 

■w- 1 ©tttttc-^toiir «a©ffltcesi'r s c t &x 
awoaaRoss^Hti*. as (a) 

j:oti8 (b) ^r*JUMb^^(c£OriiW 

so ak-*wiwafi^-^cacafiaiHUfcH8 (c)tc^ 
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[0017] SOfiO«»3 . H 3 ttC <mW<D9m<DJ& 
!B3*^Lfc^n*2B"C*»K PC^tl-17fc 
J: 2 6 - 2 9 tt±E*»©»* 1 ± HMD fcOt? *> 
& 0 2 1t**-f*-F. 2 6tt*WC**. 

[0018] jfcfcttflMcoivtBMHTS. *HiS8&T* 1 

£fl#te F^-f '<@B 1 4 rifiHS ft/cftOcMO S F E 
Tl 5©y-h{CA*«. MOSFETl 5*JONO 10 
B#, »l©«jR2 6rt»&F^>* 1 6* MOSFET1 

5*gftutiawan4. offo«6«. — jmhk: 

tt**tt»ftttt». URF^^l B©r*«W»« 
r ^5^3r5^60iattflt«K:J:oT, MO S F E 20 

t i 5©y- F^xfa-f-* -jisaftwcwwsti* 

fiteS*-*-**. C©#fe9JK:<i:oTB8 (b) te^T**® 

KHFOWttJcjiScriMSft -fc - - ^ccas 

ifi{HUfcB8 (c) CciST^tt^t^n^o 
[0019] fSfl&©J&«4 . B 4 teC ©#£0J©»fe©7fc 
WtS^O'^Ht?*!). BKtelvr 1-1 4*5 
Jztf 2 6 -2 9 WLhiS5Sft©»» 1 iHMDfe©"?* 3C 
-2> 0 1 5 aWWKDMOSFET. 15bB»2®MO 
SFET, 15cBS3(DMOSFET, 15d»Sff4 
©MOSFET, 16Bh7>X, 17BB«/7^I/ 
^tU8§. 2 2att*l©*-f*-F, 22b«fH2©# 
-f*-F. 2 2ctt»3©W*-F, 22dfcil&4© 
*t4*~ FT&&. 

[0020] ^ccttffccoc^rttWTS. tKHSSSh 1 1 

F 5 -f ^088 1 4"C*fS3ft/cfgfc:MOSFE 4- 
Tl 5a-l 5 d©y-htcA^*TSo MOSFET 1 
5aiMOSFET15c*J, MOS FET 1 5 b <bM 
OSFET 1 5 d#^7r*ft*ftON/OFFT5C 

t -C h 9 > X 1 6 AS3 ft, :i&««cWE«wtr 

£ c g/t, £T©MOSF ET#OF F©»^ MOS 
FET1 5 aiMOS FET 1 5 c#ONt?*ofc8B 
h^>* 1 6©i*;l^-teh9>* 1 6©®, 
-F2 2b, Sl£Dli26b, ^>F, *-f*-F 
2 2 d , f7>^l 6 ©0©JI@&t®fc#?JitftSfcffi * ft 
6, Sfc, £t©MOSFET#OFF©»&. MOS 5 
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FET 1 5 diMOSFETl 5 d*JONt*ofc«B 
h 7 >^ 1 6 0x*^-Bh7>^ 1 6©0, 
-F22a, *l©««26b, ys>F. *-f*-F 
22c, h7>Xl 6©®©JffltcS8S^8Sft)SSWSft 
^iflHfcjft^UfcWEttSE*/^ ;U£I3SS 1 7 Cc 

jqjE3ft"C^»^ft/cDCS)I^t-^2«:EIlflP2ft 

-tf-^x^5^6©SJgtS$8«:J:^"C, M 
OSFET15a-15 d©y- h^l/Xf^-fw - 

«»©$5E*b#Bft*. B8 (a) tt«£#©W*Stt± 
t ^dr«MWiaK©H«*^* s * C©«KCC<koTB8 
( b ) tc^T7k B B s »^©^1*^lS^^^^ t - *«M 

aaws*-^cc«aififfiiufcB8 ( c > ^-t^mm 

[0 02 1 ] mWDimS . B 5 fc*C©2feW©*5fc©^ 
«5*5*Lfc:7n**B-ca?). Hfc*$l>T 1 1 2. 

1 4«±EI8»©^»1 ©fc©"C*^. 2 3»F 
>0 7>^**, 2 4B^*-F, 2 5»«-f J1/>HB» 

2 §\$MMTChZ>o 

[002 2] JfcfcttftlcoivctMH'rs. JKSJSlthF- 1 
jfefcEPROMHS&l 1 £ T©IllftttWI©JU« 1 ^ PI 
Dr&^BSf&o f^-^-ffcSftfcSflKBM"* 
ff^BEPROMiKl 1 CCteUTT FU^iL'C** 

iA$n, 7KSMift^i©as#tti^fiK^^^ -r 

ffl* Hift»*J*3E"^ fc#> CC b - £ £ J: 5 less 

ttSft/c*0fflIfi#^EPROM@Bl 1^68*WSft 

30 ^{b3ft"t F9-f'<Httl 4"CJt«Sftfca«cF5>^ 
X^23^-^^AW^o ^-^lE<DU^WC<t 
h^>^*£2 3^b^-i^7 *fffl©WE* 
$lJfflT£t£*C, Sfil©»K2 8*6y-f*-F2 4* 

{b3nW*«:t-*2«:B3ftlSft*. U^x, 

^ 1 ©^140C^t>ti:-CS®©fii^ , tST^C ttifi~Ci*. 
«fiHS«tt©«3e{b#Hft5. B8 (a) ttfi£*(Z«* 

TB8 (b) CC^7K B B B ^ltt)^©^^^^S^t: 

-^S8©iaa^-^cc««Jfi<HO/c08 (c)ccs«-«f 
14^#6ftS- 

[0 02 3] 

[»«©»*] * 1 o»»«:J:fttt, y tCs&B&M 
- ^aS©*BWpIfi6«:* 0 . JE^TKS^Ift^©^*) 

SMBiCi^t*5o ttc. h7>x©l^fl«Ji2 
50 j» - >7 -f >47 -f V U - h 3-^ * C t 
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[0 0 2 4 3 £2©$fe9ifc:<fc*Ui, ^ytesftB&ffllffl 

fb*H5 tic. h^>X(DKXWJi2^ 

CD, h"?4'*BKtf¥ttls?. MOSFET**lo % # 
-f*-F. ISSKs ^ tiX\Blffi<Dffim 

[0 0 2 5 ] *3©IMJ!K:<fc*itf % -fc U CC^SttiNfiP 
<a#*8BttStf*C<!:T\ ig^SS^jSDrafflCDb- 

cor, b-^mSSIsIDCD^^XcD^CCoCi-cfcSc^ 

<&Sfc<D®. MOSFET*Jlo*jJ:ff^t-Fl 
o-C»at3tir@ffiCDffi^b, rJX 0ft 

[002 6 ] »4(D$6Wcj:ft«. -rf * »; ccssafawai 

fi^£iB1£i*-££C£r, a»«a«:j6crJHIiOb- 
ffiijooy ^->7^>4T-/vu- f 3 -e&c 

CD-C, b-^@IKlI9©^«YX©T*CC-3C>Tfc3Jc#*s 
0ft & 0 JH 1, ^2*J<fc^3CD»HJCCi:k^^>|pIBa 

[002 7] ^5<D^93CC<fcfttf* -rf^UtesiW&IMIBJ 
m#*iattS«ttSCir. 8*»jaStct£Dr»ai<Db- 
^fiJg(D*iJWpj^^^0. M0C7K e ^}ia^-cD^14fcS 

fb*EI6C »1. IH2, »3*5<fcO f *4<D 

^cctb^ra*^8ii»^c^*><D(D, ^i^wsm 
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imwvmmtxwan 

mi] c(D»w{c<ts*a»ss<^tt©?B«i * 

[03] t © jWJI CC «fc S 7KS»tgS<DH*fe<D^!B 3 & 
[04 ] CO*WCC,tS*»»«B©IIJIi©»«4* 
[05] C ©RIB tc J: £ 7jcfl*fiS©»*©J!5!S 5 £ 

[0 6 ] mt<D*ghmfc^offii&<D-mzfrs?mv<h 

[0 7 ] 4cMM^OBft& AiBIHttttORIff^T 
0-C&& o 

[0 8 ] 7KSS» : F-«:*5^&««iattA b-**M8ffl 

[IHWWW1] 

1 7kH}ItiH\ 2 b-*. 3 ffeJSIil&S, 4 
^tIhISS, 5 6 JfcRliB. 7 Ifll© 

h^>^*#, 8 SS*fe>^l9lK, 9 A/D3>^ 
10 7?f-BB. 11 E P ROMH1KL 12 

D/A3>^^, 13 'W^ttXHslB. 14 
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